INTRODUCTION
In the preceding paper of this series, the isolation of an active fraction of the ultraiilterable portion of chick embryo extract was reported (1) . This fraction contained 3 per cent of the ultrafilterable nitrogen but was capable of completely restoring the growth-promoting activity of dialyzed embryo extract when tested on explants of embryonic chick heart in roller tube cultures. The ultraviolet absorption spectrum of this fraction indicated that there probably was a low concentration of nucleic acid derivatives. The low nitrogen content suggested that the number of individual compounds was low. It appeared reasonable, therefore, to attempt to identify some of these compounds and to test the compounds as a synthetic replacement for the ultrafilterable portion of chick embryo extract.
EXPERIMENTAL
The methods of culturing, assaying the effects of fractions, preparing media, and isolating the active IR-120 fraction, have been described (1) (2) (3) . The components of the isolated fraction have been further separated and identified primarily by chromatographic means. I00  200  300  4 0 0  500  600  700  800  900  I000   MILLILITERS  OF ELUENT   I  I00 1200 1500
FzG. 1. Cellulose powder chromatography of amberlite IR-120 fraction. Column., 3.75 cm. diameter, 62.5 cm. long. 8 nnl. fractions collected at a flow rate of 16 ml. per hour. of cellulose powder chromatography (5). The column was 3.75 cm. in diameter and 62.5 era. long. The major peak was eluted with 95 per cent ethanol and the minor peak with distilled water as indicated in Fig. 1 . Paper chromatography showed that the larger peak was identical with Uracil (6, 7). The isolated material had the same absorption spectrum, as shown in Fig. 2 , and gave chemical tests indicative of uracil (8, 9) . The minor peak, cellulose fraction 5, couM not be distinguished from xanthine by paper chromatography in several different solvents (6, 7) . The ultraviolet absorption spectrum, shown in Fig. 3 , was identical with that found for xanthine. The yield of material, about 1 rag., did not permit chemical confirmation. Phosphorylated Compounds.--lO mi. of the IR-120 fraction was dried in racuo and the residue was dissolved in 100 microliters of distilled water. This solution was examined for phosphoryiated sugars by the chromatographic methods of Bandurski (10) and Hanes and Isherwood (11) . The color development was modified by spraying the paper with ammonium sulfide after treatment with the molybdate reagent (11) . This resulted in intense blue spots on a yellow background. Smaller amounts could be detected by this modification.
I.O
The IR-120 fraction showed two phosphorylated compounds by these chromatographic techniques. These were identified as inorganic phosphate and glucose-6-phosphate. The spot equivalent to glucose-6-phosphate was eluted from the chromatogram (12) and hydrolyzed with a few grains of Armour's beef intestinal phosphatase. The hydrolysate showed the presence of glucose (13) and inorganic phosphate.
Neutral Sugars.--In order to determine which neutral sugars were present, 10 ml. of the IR-120 fraction was deionized by treatment with amberlite MB-1 (14) . The solution was dried and the residue was dissolved in 100 microliters of water. The solution was chromatographed according to the methods of Partridge (15), Hough, Jones, and Wadman (16) , and Wadman (17) . Paraanisidine hydrochloride was used to detect the spots. The only compound detected by these methods was glucose.
Inorganic Cations.--In order to determine whether there were any inorganic cations present, a concentrate of 10 ml. of the IR-120 fraction was chromatographed by the methods of Burstall et al. (18) , Pollard (19, 20) , and Lederer (21, 22) . The ions were detected by use of the kojic acid spray of Pollard and McOmie (20) and by ammonium sulfide.
Two heavy metals were detected in the IR-120 fraction. These were identified as ferrous and ferric iron. The ferrous iron appeared to be about ten times as concentrated as the ferric. Since the reagent grade chemicals used as the standards were found to be mutually contaminated, it appeared that the ferric iron had been formed by oxidation of the ferrous, in the preparation of the fraction or in the chromatographic procedures. No other inorganic ions could be detected by these procedures.
Tissue Culture Studies
Tissue culture studies on the cellulose column fractions of the IR-120 preparation showed that all the fractions were required to restore the growth-promoting ability of dialyzed embryo extract. Such a recombination resulted in, growth equivalent to untreated extract or to a preparation of the IR-120 fraction that had been frozen for 3 months. The results of the radiophosphorus assay (3) are shown in Fig. 4 . No combination of two or three fractions from the cellulose column (see Fig. 1 ) gave an active preparation.
Synthetic Mixtures
Tests of the effect of pure compounds which had been identified in the IR-120 preparation were made in the following manner. After the compound had been identified a stock solution containing 10 rag. in 100 mi. of distilled water was prepared. The required amount of this stock prepared fresh biweekly was transferred to a beaker containing 5 ml. of Tyrode's solution and the solution evaporated in vacuo to a final volume of 5 ml. This solution was added after sterilization by filtration to a medium containing a final concentration of 20 per cent dialyzed embryo extract. Each synthetic mixture was tested on series of four cultures and the uptake of radioactive phosphorus was assayed as previously described (1, 3) . Each compound was tested at a wide range of concentrations and was retained in the mixture if it showed no effect or no detrimental effect on the cultures. Control cultures, containing only dialyzed extract, were prepared in parallel series and the effect of synthetic mixtures was deter-mined for their ability to replace the ultrafilterable requirements. Since most of the mixtures showed no noticeable effects, the individual experiments are not given in detail. The range of concentration of tested materials is given in Table I with some notation on the effects.
None of the mixtures of the compounds listed in Table I was adequate as a replacement for the ultrafilterable portion of chick embryo extract. The specific requirements could not be determined and the beneficial levels are concentra- tions that appeared to have some improving effect. Taurine, however, was toxic at all levels and no migration zones were observed when this compound was present in the medium. It was therefore removed in later tests. It appeared that besides the identified compounds there was an additional nutritional requirement. This was also suggested by the shape of the ultraviolet absorption spectrum (1).
Vitamin B12 and folic acid are well known growth factors for developing chicks (23) . These compounds were empirically added to the mixture listed in Table I as beneficial and tested at several levels. It was observed that increasing the level of vitamin Blz (cobalamine, Merck) improved the medium. When the concentration of BI~ was increased to 50 micrograms per ml. , mixture S-27 without , dialyzed extract without ultrafilterable factor. Toxic at all levels High concentrations inhibitory 100 micrograms inhibits ' High concentrations inhibit
Inhibits above 1 microgram
Final concentration in medium in micrograms per milliliter. concentration in the medium) growth equal to unfractionated embryo extract was obtained. The cells were clear, spindle-shaped, fibroblasts growing in a monolayer from the explant. The migrating cells were densely packed and after 6 days had filled up the space between the individual explants in the roller tubes. Fig. 5 shows that the uptake of radioactive phosphorus was identical with that found for untreated ultrafiltrate. The addition of folic acid appeared to have an additional beneficial effect but no noticeable differences in the cell outgrowth were observed. The uptake of radioactive phosphorus was slightly higher with increased folic acid (50 micrograms per mi.). 
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This mixture was tested on more than 20 individual cultures and has been extremely reproducible in its activity. Fig. 6 shows a naked eye view of 6 day old cultures grown with 20 per cent embryo extract, the isolated IR-120 fraction, and the S-27 mixture devised from the identity of compounds in the IR-120 preparation. The outgrowth and condition of the cells appear to be identical.
DISCUSSION
The compounds identified in the IR-120 fraction (1) are all known biological products. Most of these have been incorporated in synthetic media (24, 25 ). There appears to be a small effective range in which the compounds are utilized and the findings of the present investigation suggest that this balance has not been adequately considered in previous investigations. Thus, if all the above compounds are present in the required concentration except for one, then this latter compound becomes the limiting factor and must be supplied to the cells in the required amount before the other compounds can be utilized. The negative findings with compounds identified in the IR-120 preparation suggest that there are some unidentified compounds in the preparation. This is further suggested by the shape of the ultraviolet absorption spectrum (1) .
Vitamin B12 can supply the additional nutritional requirement. As shown in Fig. 5 , no growth is observed in the absence of this compound. The high concentration of the compound compared to animal experiments (26) indicates that the effect is not truly biocatalytic since the activity of many vitamins is mediated at extremely low levels. It is known that B12 undergoes spontaneous decomposition in aqueous solution and this might have been the case in the present investigation. The degradation products of B12 show activity at much higher concentrations than the pure vitamin (26) . Benzimidazole groups, which are hydrolytic products of B,2 (26) , have strong end absorption in the ultraviolet (27) and this might account for the shape of the IR-120 spectrum. However, some recent experiments with a fresh, pure sample of B12 also show that the high concentration is required.
The absence of any of the known cofactors of metabolic reactions, such as coenzymes I, II, and A, adenosinetriphosphate, adenylic acid, cocarboxylase, and flavine adenine dinucleotide in the IR-120 preparation has been ascertained though it is possible that they were present at undetectable levels. This finding suggests that the explanted tissue contains sufficient endogenous material to initiate the cyclic metabolic reactions for the utilization of the other materials. There does not appear to be any exogenous requirement for these compounds.
The failure to find glutamine, cystine, glycine, or fructose diphosphate in the IR-120 fraction was interesting in view of the findings of Fischer and coworkers (28) who consider these compounds essential. Furthermore, the mixture reported by Fischer was tested for its ability to replace ultrafiltrate in the present system and was found to have no growth-promoting effect. Harris (29) believes that some of Fischer's findings may be due to lack of careful control of pH and buffer capacity. Similarly, hypoxanthine, which has been considered an important "accessory growth factor" was without effect.
Mixture 27, as currently formulated, can only be considered a basal mixture by means of which, the low molecular weight nutritional requirements of chick cells in roller tubes may be determined. Fructose diphosphate was used in place of glucose-6-phosphate, the identified component, because of its reported (28) effect on chick cells in vitro and its availability in crystalline form. No specific effect has as yet been noted other than inhibition at high concentrations. Mixture 27 offers a starting point for the investigation of the specific effects of vitamins, hormones, and chemotherapeutic agents on ceils in vitro. There is no doubt that this formula can be changed once the specific effects of the compounds are known2 The relatively low level of its nitrogen content, compared to embryo extract (30) , is further confirmation of the finding that chick cells in v/tro derive their main nutrition from non-dialyzable compounds (1).
SUM'M &RY
Some of the compounds in the active fraction of ultratiltrates of chick embryo extract have been identified as taurine, serine, glutamic acid, xanthine, uracil, glucose-6-phosphate, glucose, ferrous iron, and inorganic phosphate.
Based on the identity of these compounds a synthetic replacement for the nltrafilterable portion of chick embryo extract has been devised. There is an additional nutritional requirement that can be met by vitamin Bti. Folic acid appears to be beneficial to the system though the requirements of this or any of the above compounds except vitamin BI= remain for future research. The low nitrogen content of the isolated fraction and the synthetic mixture suggests that the main nutrition of chick cells in roller tube cultures is derived from the non-dialyzable portion of the medium.
